Phosphorus nuclear magnetic resonance of Acholeplasma laidlawii cell membranes and derived liposomes.
1. The 129 MHz 31P-NMR spectrum of Acholeplasma laidlawii membranes is very similar to the spectrum of the derived liposomes and is a typical "solid state" spectrum in which the major contribution to the linewidth is made by the chemical shift anisotropy. From the value of the chemical shift anisotropy an order parameter of 0.15 is estimated for the lipid phosphates in both membranes. 2. The 31P-NMR spectrum of the A. laidlawii membrane is insensitive to pronase digestion of 4-60% of the membrane proteins and subsequent cytochrome C binding. These results indicate that either no strong lipid polar headgroup-protein interactions occur in the membrane or that the lipid-protein "complexes" in the membrane have a fast rotation (Tc shorter than 10(-6)S) along an axis perpendicular to the plane of the membrane. 3. Phospholipase A2 degrades all the phosphatidylglycerol in the membrane. The resulting membrane contains a phosphoglycolipid as the sole phosphorus-containing compound. The 31P-NMR spectrum of these membranes is identical to the spectrum of the native membranes suggesting a similar motion for the phosphate groups in both lipids. 4. Ca2+ binding to liposomes prepared from either the total polar lipids or the total phosphorus-containing lipids isolated from the A. laidlawii membrane does not affect the 21P-NMR spectrum. 5. The 31P-NMR spectrum of the membranes and derived liposomes, however, is sensitive to lipid phase transitions. When the membrane lipids are in the gel state a broadening of the 31P resonance occurs demonstrating that the polar head group motion in a biological membrane is more restricted below the lipid-phase transition temperature.